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Abstract

This paper discusses the theory of gravity from the time it was discovered by Sir Isaac Newton to
present time with the discovery of gravitational waves by Albert Einstein, and the detection of
gravitational waves. Stephen Hawking's and Leonard Mlodinow's recent book, The Grand
Design, provides support for Edward Witten's M-theory. Gravity was the first of the four
fundamental forces to be discovered, and that last to be detected. Einstein proposed that gravity
was not only a force, but also could be characterized as a wave on the space-time continuum.
Keywords: Gravity, Gravitational Waves, Isaac Newton, Edward Witten, Stephen Hawking,
M-theory
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Gravity Then and Now

Before the theory of gravity was discovered by Isaac Newton, Johannes Kepler proposed
that we can predict the movement of celestial bodies about the sun. Just as then, we can expect to
fall to ground when we trip, and not up into the sky. Galileo Galilei demonstrated that objects of
different weights fell to the ground at the same rate (Hawking & Mlodinow, 2012, pp. 16-18).
But why? Today, everyone knows about classical gravity, but aside from the scientifically
inclined, many people do not associate gravity as the weakest of the four fundamental forces.
Gravity is derived from the Latin, gravitas or weight (Lewis, 1915). Without gravity, a ball
thrown across a football field would travel until it reached a receiver or hit a wall. Without
gravity, if a person jumped up, they could stay there. Just as importantly, Newton provided a
mathematical basis for predicting the effects of gravity in his Laws of Motion (Newton). The
basic equation of the force of gravity between two objects equals a constant number multiplied
by the mass of one object times the mass of the second object divided by the square of the
distance between the two objects. Written algebraically, the force of gravity is:
F= (G * m1 * m2) / (r * r)
where: F is the force of gravity in Newtons,
G is the Universal Gravitational Constant in Newtons times the square of
kilograms per meter,
m1 is the mass of an object in kilograms,
m2 is the mass of another object in kilograms, and
r is the distance in meters between m1 and m2.
These equations were for the intellectuals, while the population was accepting that the earth
revolved around the sun, and the moon about the earth. We take this for granted today, but until
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Newton figured out that larger masses have larger gravitational force to keep smaller masses
close, such as our earth winning the tug-of-war with people pulling with their own puny
gravitational force. A person falls to earth because the earth has a much larger mass than anyone
person. A space station astronaut's distance is too great from the earth, then the gravitational
force of attraction decreases with the inverse square of the distance, and the astronauts floats in
space. Based on Newton's equations, for very large values of r, the gravitational force between
two objects approaches zero. Why do our cells not collapse onto each other? Gravity is
significant for very large masses near small masses. However, in the case of molecules and
atoms, gravity is insignificant as individual atoms of molecules are very far apart from each
other, and the masses are very small. Other fundamental forces hold molecules together, and
gravity plays a minuscule role. As people began to think about traveling into space, and what
would life be like on the moon, Newton's equations helps us understand that we can jump higher
on the moon, as its gravity is smaller than the earth's. We are still m1, but our m2 moon mass
pulling us is much smaller than the earth, resulting in a smaller gravity. This also explains why
there is very little atmosphere around the moon: there is not enough gravity to keep very small
masses from escaping, and oxygen molecules are very small compared to people and the moon.
Today, this one observation supports Hawking's statement, “If the total energy of the universe
must always remain zero, and it costs energy to create a body, how can a whole universe be
created from nothing? That is why there must be a law like gravity. (Hawking and Mlodinow, p.
144)”
Astronomers now have an explanation of why planets rotated around the sun, and why
the moon moves around the earth. Gravity does not hold molecules or a nucleus together. These
are electromagnetic and strong forces respectively. The concept of force introduced by Newton
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was essential in providing scientists a model for viewing other physical phenomena as unseen
forces. Coulomb's Law of electrical attraction and repulsion of charges has the same structure as
Newton's Third Law of motion. One need only substitute charges q1 and q2 for the masses m1
and m2, and substitute Coulomb's Constant for the Universal Gravitational Constant (Nave,
2016).
Newton, independent of Gottfried Wilhelm Leibniz, also invented the mathematics of
differential calculus based on changes in position (ds/dt), velocity (dv/dt) and acceleration (da/dt)
with time. Descartes introduced the inverse of differentiation or the integration symbol, and the
mathematics of electromagnetism was simplified. Vector mathematics advanced as scientists
could easily express magnitude and direction in one form. Classical physics relating to large
bodies with mass in motion could now be more rapidly represented and calculated. Before
calculus, approximation math methods resulted in poor experimental results, and theories could
not be proven without errors. The inaptly name weak force is what fascinated Albert Einstein and
Stephen Hawking and made them household names. Einstein extended Newton's gravity to
propose gravitational waves unifying Maxwell's electromagnetic equations with Newtons Third
Law of Gravity. Einstein needed to extend Newton's classical gravity to his theory of relativity,
or the new field of quantum mechanics. After the discovery of strong and weak forces, Hawking
looked at subatomic particles to describe formation of the universe, based on the life of quarks.
Without gravitational waves, there would be no ripples in the space-time continuum.
(Achenbach, 2016)
But how much of this science is necessary in everyday life? In 2016, gravitational waves
have recently been observed for the first time. “The black holes that LIGO [Laser Interferometer
Gravitational-Wave Observatory] observed created a storm in which the flow of time speeded,
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then slowed, then speeded... A storm with space bending this way, and then that. (Achenbach)”
With gravity being the weakest force, something really big happening was needed to be
observed.
Now that gravity and gravitational waves are now proven to exist, Hawking and
Mlodinow are promoting M-theory ahead of string theory (Greene, n.d.). In their recent book,
Hawking and Mlodinow view Edward Witten's M-theory as the unifying theory that Einstein was
seeking. M-theory is unproven, but once corroborated, Hawking and Mlodinow maintain that
science can explain the birth and existence of the universe. (Hawking & Mlodinow, 2012) Why
is M-theory needed? String theory and superstring theory continue to be explored but are getting
increasing more complicated. Similar to Newton's Laws of Motion, Maxwell's equations,
Einstein's theory of General Relativity, and Hawking's Big Bang Theory, scientists are seeking a
simpler concept that explains the birth of the universe, the destruction of black holes and
subatomic particles in one idea without many exceptions and special conditions (Delta Institute
of Theoretical Physics, 2016). An example of the complexity of string theory is the concept of
supersymetry which relies on the existence of supergravity. Supergravity relates that “gravity
particles are the same as matter [mass] particles.” One loose way of relating supergravity to
supersymmetry in string theory (Vassilevich, 2006) is to liken the Einstein relation of the mass
(m) of a particle being converted in energy (E), in the famous equation E equals m times the
square of the speed of light (C). It bears mentioning that the energy in our universe is conserved.
For any events in the universe, energy may be converted to mass which has an equivalent based
on Einstein's equation. Any inefficiency, such as in heating our homes, is the result of losing heat
to the outside world, but energy is conserved in our big bubble of a universe.
Gravity is important in Hawking's research as galaxies are large masses that attract each
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other, with our universe continuing to expand since the Big Bang. Gravitational waves are
important because Hawking also wants to advance the understanding of the smallest particles
where classical mechanics was demonstrated as related to quantum mechanics by Einstein. The
larger problem of abandoning string theory is that it has not as yet been disproven. M-theory
simply offers a blanket to include and cover string theory (Wolf, 2016). Unlike Einstein's
General Relativity, M-theory offers no new model, idea or mathematics. Like Einstein, and with
the recent experiments at LIGO, Hawking, Mlodinow and Witten are including gravity, and
gravitational waves as fitting into the idea of M-theory.
One reason to consider gaining a better understanding of gravitational waves is that space
travel is now being developed my many companies. And perhaps the fastest way to travel in
space is along a warp in the space-time continuum. Perhaps Hawking's and Mlodinow's book is a
good start in getting introduced modern physics to include gravity (McKie, 2010). If we travel by
way of a gravitational wave, we can traverse distances along the warped space time continuum.
It would have to be a really large and stable wave, something akin to surfing along Hawaii's
coast. There is some humor evident. Hawking and Mlodinow characterize Richard Feynman as “
a colorful character who worked at the California Institute of Technology and played the bongo
drums at a strip joint down the road. (p. 2)” Later they state, “The quantum theory of the
electromagnetic field, called quantum electrodynamics, or QED for short, was developed in the
1940s by Richard Feynman and others, and has become a model for all quantum field theories.
(p. 79)” Quantum theory is important to understanding gravitational waves. The universe is
constantly changing, and being able to consider the motion of subatomic particles such as quarks
and bosons is necessary to unravel the science and mathematics of space-time. The universe very
dynamic in cosmological time. This is mainly the result of particle and large body interactions
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that obey the four fundamental forces. With gravity and gravitational waves, the large and small
masses of varying energies in the universe interact with their distant neighbors. Today, everyone
knows about the tremendous power of the gravitational field caused by black holes.
Gravity is still the weakest of the four fundamental forces, but it has great reach. Our sun
is over 93 million miles away, and it holds the earth in orbit. No other fundamental force can do
that. Gravity is stable in local cosmological distances, but gravity is unstable in space-time where
everything from very light particles, such as light, and some very heavy objects, such as comets
and asteroids travels great r distances to occasionally reach earth. Charged particles and
molecules can only give off and attract electrons and protons at very short distances of chemical
and atomic scales. When very faraway from earth, black holes interact, energy is conserved, but
gravitational waves are produced that we can now detect. We can now dream of multiverses
being created by gravitational forces, and travel beyond our space, into different universes.
Hawking passed away on March 14, 2018 at the age of 76. Just as Einstein attracted the
greatest scientists and mathematicians of his time, Hawking has engaged and encouraged Witten,
Mlodinow and Hertog, among many others. Hawking has left us one more scientific paper to
anticipate. As with his most recent work, Hawking collaborated with the eminent theoretical
physicist, Thomas Hertog. This paper is in pre-publication and must be shared with the world,
just as Hawking's dissertation was made available for free on the internet. This paper promises us
a way that we can detect and prove there is a multi-verse (Wall, 2018). A multi-verse formed by
gravity. It took over 100 years for the world to prove Einstein's idea of gravitational waves.
Perhaps Hawking has jumped ahead again, and is proposing something beyond M-theory. We
have not begun to figure out how to prove that yet. People around the world should hurry up and
read the paper when it comes out, and figure out what mathematics, theory and experiments are
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needed to prove the multi-verse. There is much to be done. No doubt, this will be a large
experiment whether we are looking at particles such as quarks, fermions and bosons, or
supermassive black holes colliding or collapsing. Hawking must be remembered as one of the
greatest scientists ever, next to Newton and Einstein with a vision to ride a great gravitational
wave.
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